Various ratios of cellulose acetate (CA) solution (acetone) and silica spheres were mixed and aged for 178 days to find out the effect of the composition on the extraction of the light emitting chromophore from silica spheres. The ratios of sphere solution against the amount of CA solution varied 20 (CA-A), 28 (CA-B), 33 (CA-C) and 40 wt. % (CA-D). After 178 days, the solution color of CA-A became intense yellow, and the color of other three solutions became intense brownish red. UV-visible absorption spectra exhibited stronger absorption with the increase of the amount of silica spheres. The diameter of silica spheres did not change before and after aging and was approximately 1.1 µm. High magnification of transmission electron microscope image showed approximately 4 ~ 6 nm crystalline structures. A strong FTIR absorption peak at 1633 cm -1 representing amine deformation was observed for all four samples. The photoluminescence (PL) peaks for CA-A, CA-B, CA-C and CA-D with excitation energy at 3.54 eV were 2.80, 2.78, 2.76 and 2.73 eV, respectively, and showed more red-shifted luminescence with increasing the amount of silica spheres. However, PL peaks for CA-B, CA-C and CA-D with excitation energy at 2.58 eV were at 2.33 eV for all three samples. Therefore, higher concentration of silica spheres produced more amount of red-shifted chromophore (2.33 eV).
Introduction
Luminescent silica materials have attracted much attention due to their potential applications for photon sources for a variety of biotechnology and information technology (Hagur et al., 2011; Kang, 2014a) . Moreover, amorphous silica-based luminescent materials have been extensively studied and explored after the synthesis of size-controlled and uniform sized silica particles (Stöber et al., 1968) . Silicon dioxide has been called amorphous material and focused to understand the properties of this material. Although much research effort has been focused on understanding origin of the luminescent properties, only a few cases have a conspicuous identification of the molecular structure of the luminescent centers (Bekiarim and Lianos, 1998; Carlos et al., 2004; Lin and Baerner, 2000) . Most of the information of the molecular structures of the luminescent centers is from theoretical models.
Sol-gel derived silica gels are of great importance due to the wide application in optics, sensors, solar energy collectors and catalysts (Jenssen, 1992; Houng-Van et al., 1992) . Highly bright photoluminescent at 2.8 eV with a shoulder at approximately 3.0 eV was achieved with silica wires (Chen et al., 2005) . Various emission maxima approximately at 2.7, 2.9, 3.1 and 3.5 eV for sol-gel derived silica xerogels were achieved by varying the synthetic conditions. However, despite the considerable progress in understanding of many aspects of the luminescent physics, a few basic questions still remain unanswered. The structural model of Si-related oxygen deficiency center (ODC) model remains controversial (Skuja, 1998) . Recently, strong blue and green luminescence was reported with the composite of cellulose acetate (CA) and silica spheres (Kang, 2014b) . In this paper we report the effect of the composition on the formation of light emitting chromophore. Various ratios of silica spheres and cellulose acetate solution were used as a medium for the newly formed chromophore. The UV-visible spectra, FTIR spectra, field emission scanning electron microscope (FESEM) images, transmission electron microscope (TEM) images and photoluminescence (PL) spectra were analyzed in this report.
Experimental
Tetraethyl orthosilicate (TEOS, 98 %), acetone (99.9 %), methanol (HPLC grade), 2-propanol (99 %), cellulose acetate (CA, 39.8 acetyl %) with molecular weight of approximately 30,000 and ammonium hydroxide (28 %) were purchased from Sigma Aldrich Co. LTD. The monodisperse silica spheres were synthesized with Stöber synthetic route. The mixture of 2-propanol (50 ml) and ammonium hydroxide (50 ml) was placed in a 250 ml round bottom flask, and then 0.77 g of TEOS was added to the round bottom flask with vigorous stirring. The spheres were separated and purified by repeated centrifuge-washing processes with methanol. Approximately 12 wt. % of CA solution was prepared using acetone as a solvent. Different amount of CA solution was filled in 4 different vials. Approximately 2 wt. % silica sphere solution (acetone) was added to the vial with different weight ratios against the amount of CA solution, such as 20 (CA-A), 28 (CA-B), 33 (CA-C) and 40 wt. % (CA-D). The sphere solutions were aged for 178 days. The UV-visible spectra were recorded with the solution using Thermo Scientific Genesys 10S. FESEM images and TEM images were obtained using JEOL ISM-7401 scanning electron microscope and HR-FE-TEM-I 2200FS transmission electron microscope, respectively. FTIR spectra of the mixture of CA and chromophore were recorded by FTIR spectrometer (Nicolet iS5). The PL spectra of the chromophore solution were obtained with various excitation wavelengths using Hitachi F-4500 fluorescence spectrometer.
Results and Discussion
Understanding the formation mechanism of silica spheres is essential to predict the resulting silica particle size and size distribution. Theoretically, many different models have been proposed for the dominant factors for particle sizes including reactant supersaturation, reactant molecular diffusion, surface reaction, and particle coagulation. Generally, silanol groups are formed by hydrolysis of silicon alkoxide groups, and then undergo condensation (Kang, 2014) . However, clear mechanism Strong luminescence from the silica structures has been found by accident in many cases (Boukari et al, 1997; Li et al., 2004; Zheng et al., 2002) . The absorption band related with the oxygen deficient center (ODC) is at 5.0 eV. Three models are proposed for ODC model, such as neutral oxygen vacancy (≡Si-Si≡), twofold coordinated silicon (=Si:) and unrelaxed oxygen vacancy (O≡Si • Si≡O). Although these models were supported by two-photon photobleaching experiment, the origin of the ODC model is still controversial topic in this field (Wang et al., 2003) . Fig. 2 shows UVvisible absorption spectra for CA-A, CA-B, CA-C and CA-D. Inset Fig. 2 shows the mixture of CA and chromophore in acetone. The absorption of the visible region is negligible for CA-A. However, the absorption started approximately 650 nm and increased with the decrease of the wavelength for CA-B, CA-C and CA-D. FTIR analysis is performed to obtain the change of the functional groups of CA or fluorescent fragment. Fig. 3 shows the FTIR spectra of the mixture of the CA and chromophore. Most of the absorption peaks are matched with those of CA. However, strong and new characteristic absorption peak appeared at 1633 cm -1 , which can be assigned N-H deformation of amine group. To identify the existence of nitrogen in the sample, high performance liquid chromatography (Ultimate 3000, Thermo Dionex) was performed with silica spheres. The compositions of silica spheres for nitrogen, carbon, and hydrogen were 0.5734, 2.5411, and 1.5804 wt. %, respectively. Therefore, the absorption peak at 1633 cm -1 is N-H deformation of amine, and the formation of chromophore is directly related with ammonia. ) show the FESEM images of as-synthesized silica spheres and silica spheres aged for 178 days in acetone, respectively. The diameter of silica spheres did not changed before and after aging and was approximately 1.1 µm. Although as-synthesized silica spheres exhibit smooth and defect free surface, some materials stick in the surface of aged silica spheres, which may be the light emitting chromophores and connect together near by the spheres. TEM images of the chromophores are shown in Fig. 5 (a) and 5(b). For relatively low magnification TEM image, it looks amorphous structure as shown in Fig. 5(a) . However, high magnification image shows regular crystalline structures with the size of 4 ~ 6 nm. This crystalline structure may contribute the luminescence characteristics. The luminescence spectra with excitation wavelength at 3.54 eV are shown in Fig. 6 (a) . The emission peaks are at 2.80, 2.78, 2.76 and 2.73 eV for the CA-A, CA-B, CA-C and CA-D, respectively. The emission peaks shift toward low energy with increasing the concentration of silica spheres. However, the emission peaks show approximately the same for all four samples with the excitation energy at 2.58 eV, such as 2.34, 2.33, 2.33 and 2.33 eV for CA-A, CA-B, CA-C and CA-D, respectively, as shown in Fig. 6 (b) . Fig. 6 (c) shows the excitation wavelength dependent PL spectra for CA-D and shows clear two emission centers. The excitation energy dependent emission intensities Byoung-Ju Kim and Kwang-Sun Kang / Journal of Luminescence and Applications (2017) Vol. 4 No. 1 pp. 1-9 7 (integrated the PL spectra) for CA-A, CA-B, CA-C and CA-D are shown in Fig. 6 (d) . The luminescence intensity was drastically reduced with the excitation energy lower than 3.10 eV and showed no clear second emission peak for CA-A. However, the emission intensities of CA-B, CA-C and CA-D increased until 3.10 eV and slightly reduced with the excitation energy lower than 3.10 eV. The luminescence intensity drastically increased with the excitation energy between 2.88 and 2.53 eV. The CA-B, CA-C and CA-D show second emission peak near 2.33 eV, which is not related with ODC model. 
Conclusions
The solution color of the mixture of CA and silica spheres was depend on the amount of silica spheres. FESEM images show that the diameter of silica spheres did not change before and after aging and was approximately 1.1 µm. High magnification TEM image of the chromophores shows approximately 4 ~ 6 nm crystalline structure. A characteristic FTIR absorption peak at 1633 cm -1 appeared for all four samples, which indicated the N-H deformation of amine group. The PL peaks
